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Description 

[0001] This invention generally relates to ink jet print- 
er apparatus and methods and more particularly relates 
to a drop-on-demand Inkjet printer capable of direction- s 
al control of ink drop ejection, and method of assembling 
the printer. 

BACKGROUND OF THE INVENTION 

10 

[0002] An ink jet printer produces images on a receiv- 
er by ejecting ink droplets onto the receiver in an image- 
wise fashion. The advantages of non-impact, low-noise, 
low energy use, and low cost operation in addition to the 
capability of the printer to print on plain paper are largely '5 
responsible for the wide acceptance of ink jet printers in 
the marketplace. 

[0003] However, it is desirable to control the angle at 
which the droplet travels to the recording medium. For 
example, if any one of ink ejection nozzles is inoperable, 20 
such as due to clogging or manufacturing defect, it 
would be desirable to redirect droplets from operable 
nozzles to print at locations that would otherwise be 
printed by the inoperable nozzle. In addition, if each noz- 
zle can print dots at a plurality of locations on the receiv- 25 
er, then fewer nozzles are needed, thereby reducing 
print head manufacturing costs. 

[0004] In addition, it is desirable to control velocity at 
which the ink droplets strike the recording medium. Con- 
trol of velocity in turn controls printing speed. 30 
[0005] Ink jet printers may be either DOD (£rop-On- 
Demand) or "continuous" ink jet printers. In this regard, 
in the case of DOD ink jet printers, at every orifice apres- 
surization actuator is used to produce the ink jet droplet. 
Either one of two types of actuators may be used These 35 
two types of actuators are heat actuators and piezoe- 
lectric actuators. 

[0006] A DOD ink jet printer having a heat actuator is 
disclosed in Great Britain Pat. No. 2,007,162, which is- 
sued to Endo et al. in 1979. In such a printer, a heater 40 
placed at a convenient location heats the ink and a 
quantity of the ink will phase change into a gaseous bub- 
ble and raise the internal ink pressure sufficiently for an 
ink droplet to be expelled to the recording medium. How- 
ever, the Endo et al. patent does not disclose a tech- 45 
nique for directional control of the ink droplet ejected 
from the printer. More specifically, the Endo et al. patent 
does not disclose a technique to redirectthe ink droplets 
to a plurality of printing locations on the recording me- 
dium. In addition, the Endo et al. patent does not appear so 
to disclose a technique for controlling velocity of the ink 
droplet. 

[0007] A DOD Inkjet printer combining a pressurized 
reservoir and a heat-assisted drop ejection mechanism 
is disclosed in U.S. Pat. No. 4,275,290, which issued to 55 
Cielo et al. According to the Cielo et al. patent, a liquid 
ink printing system supplies ink to a reservoir at a pre- 
determined pressure and the ink is retained in orifices 
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by surface tension until the surface tension is reduced 
by heat from an electrically energized resistive heater, 
which causes ink to issue from the orifice and to thereby 
contact a paper receiver. However, the Cielo et al. patent 
does not disclose a technique for directional control of 
the ink drop ejected from the printer. More specifically, 
the Endo et al. patent does not disclose a technique to 
redirect the ink droplets to a plurality of printing locations 
on the recording medium. In addition, the Cielo et al. 
patent does not appear to disclose a technique for con- 
trolling velocity of the ink droplet. 
[0008] A DOD ink jet printer having a piezoelectric ac- 
tuator is disclosed in U.S. Pat. No. 3,946,398, which is- 
sued to Kyser et al, in 1970. In this type of printer, a 
piezoelectric material is used, which piezoelectric ma- 
terial possesses piezoelectric properties such that an 
applied electric field produces a mechanical stress in the 
material to decrease ink channel volume and thereby 
eject an ink droplet. However, the Kyser et al. patent 
does not disclose a technique for directional control of 
the ink drop ejected from the printer. More specifically, 
the Kyser et al. patent does not disclose a technique to 
redirect the ink droplets to a plurality of printing locations 
on the recording medium. In addition, the Kyser et al. 
patent does not appear to disclose a technique for con- 
trolling velocity of the ink droplet. 
[0009] A "continuous" ink jet printer is disclosed in U. 
S. Patent No. 4,631 ,550 issued December 23, 1986 to 
Michael J. Piatt, et al. and assigned to the assignee of 
the present invention. Such a continuous ink jet printer 
utilizes electrostatic charging tunnels that are placed 
close to where ink droplets are being ejected in the form 
of a stream. Selected ones of the droplets are electri- 
cally charged by the charging tunnels. The charged 
droplets are deflected downstream by the presence of 
deflector plates that have a predetermined electric po- 
tential difference between them. A gutter may be used 
to intercept the charged droplets, while the uncharged 
droplets are free to strike the receiver. However, the Pi- 
att et al. patent does not disclose a technique for direc- 
tional control of the ink drop ejected from a DOD printer. 
More specifically, the Kyser et al. patent does not dis- 
close a technique to redirect the ink droplets ejected by 
a DOD printer to a plurality of printing locations on the 
recording medium. In addition, the Piatt et al. patent 
does not appear to disclose a technique for controlling 
velocity of the ink droplet. 

[0010] However, attempts have been made to provide 
ink jet printers having ink ejection nozzles capable of 
placing ink droplets at different locations on a scan line. 
For example, a continuous ink jet printer having means 
for correcting droplet trajectories to account for varia- 
tions in droplet "throw distance" to improve droplet 
placement accuracy is disclosed in U.S. Patent No. 
4,540,990 issued September 10, 1995 to Peter A. 
Crean. According to the Crean patent, distance sensing 
sensors periodically produce signals representative of 
the actual throw distance of the droplets and compare 
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the signals indicative of the actual throw distance to a 
signal representative of the distance from the nozzles 
to a predetermined printing plane. The comparison sig- 
nals are sent to a printer controller which adjusts the 
droplet trajectories in response thereto to correct the 
placement errors that would be caused by variations in 
the throw distance produced, for example, by wrinkles 
in the recording medium or dimensional tolerance vari- 
ations in the recording medium transport system. De- 
flection of the droplets is obtained by varying deflection 
voltage of deflection electrodes that charge the droplets. 
However, the Crean patent does not disclose a tech- 
nique for variable directional control of the ink drop eject- 
ed from a DOD ink jet printer because the Crean device 
is a continuous ink jet printer rather than a DOD ink jet 
printer. Also, the Crean patent does not disclose a tech- 
nique other than use of a deflection voltage for direc- 
tional control of the ink drop. Moreover, the Crean patent 
does not appear to disclose a technique for controlling 
velocity of the ink droplet. 

[001 1 ] Although each of the devices mentioned here- 
inabove is useful for its intended purpose, none of the 
DOD ink jet printing devices provides directional control 
of ink droplet ejection and none of the continuous ink jet 
printing devices uses a technique other than deflection 
voltage for directional control of the ink droplet. Moreo- 
ver, none of the devices mentioned hereinabove con- 
trols velocity of the ink droplet 

[0012] Therefore, there has been a long-felt need to 
provide a drop-on-demand ink jet printer capable of di- 
rectional control of ink drop ejection and method of as- 
sembling the printer. 

SUMMARY OF THE INVENTION 

[001 3] An object of the present invention is to provide 
a drop-on-demand ink jet printer capable of directional 
control of ink drop ejection, so that any one of a plurality 
of ink ejection nozzles belonging to the printer prints at 
a plurality of locations on a recording medium. 
[0014] With the above object in view, the present in- 
vention resides in a drop-on-demand ink jet printer ca- 
pable of directional control of ink drop ejection, compris- 
ing a print head body having an ink ejection orifice 
adapted to poise an ink meniscus thereat about a center 
axis passing through the orifice; and a deflector coupled 
to the print head body and adapted to be in communi- 
cation with the poised meniscus for lowering surface 
tension of a region of the poised meniscus, so that the 
poised meniscus deflects away from the region of lower 
surface tension and away from the center axis to define 
a deflected meniscus, whereby an ink drop separated 
from the deflected meniscus travels at an angle with re- 
spect to the center axis. 

[0015] According to an exemplary embodiment of the 
present invention, the printer comprises a print head 
body having a plurality of elongate ink channels therein, 
each channel terminating in a generally circular ink ejec- 



tion orifice. Each orifice is adapted to poise an ink me- 
niscus thereat symmetrically about a center axis normal 
to the orifice. A plurality of arcuate-shaped heater seg- 
ments are connected to the print head body and are 
symmetrically arranged in an annular ring surrounding 
each orifice. The heater segments are adapted to be in 
heat transfer communication with the poised meniscus 
and are capable of being energized for lowering surface 
tension of a predetermined side region of any one of the 
poised menisci. When a selected one of the heater seg- 
ments is energized, a region of lower surface tension is 
created, such that the poised meniscus laterally deflects 
away from the side region of lower surface tension and 
away from the center axis to define a deflected menis- 
cus. In this manner, an ink drop that is separated from 
the deflected meniscus travels along a trajectory at a 
predetermined angle with respect to the center axis. The 
angle is variable depending on the extent to which the 
heater segments are energized 

[0016] A pressurizer is connected to the print head 
body and is in communication with each of the channels 
for pressurizing the channels to form the poised menisci 
and thereafterto separate the ink drop from the deflect- 
ed meniscus. In this regard, the pressurizer may be a 
plurality of deflectable piezoelectric transducers in com- 
munication with respective ones of the plurality of chan- 
nels, the piezoelectric transducers being adapted to de- 
flect into the channels while electrically stimulated for 
reducing volume of the channels so that the channels 
pressurize. Alternatively, the pressurizer may be a plu- 
rality of displaceable flexible membranes in communi- 
cation with respective ones of the plurality of channels, 
the flexible membranes adapted to flex into the channels 
while pressurized for reducing volume of the channels 
so that the channels pressurize. On the other hand, the 
pressurizer may be a plurality of movable pistons in 
communication with respective ones of the plurality of 
channels, the pistons adapted to move into the channels 
for reducing volume of the channels so that the channels 
pressurize. Moreover, the pressurizer is controlled such 
that the pressurizer separates the ink drop at a prede- 
termined velocity. 

[0017] A feature of the present invention is the provi- 
sion of a plurality of arcuate-shaped heater segments to 
laterally deflect the poised meniscus, so that an ink drop 
separated from the deflected meniscus travels along a 
trajectory at a predetermined variable angle. 
[0018] Another feature of the present invention is the 
provision of a pressurizer in communication with each 
of the channels for pressurizing the channels to form the 
poised menisci and thereafter to separate the ink drop 
from the deflected meniscus, the pressurizer also being 
capable of controlling velocity of the ink drop. 
[0019] An advantage of the present invention is that, 
if any one of the ejection orifices is inoperable, such as 
due to clogging or manufacturing defect, ink drops are 
redirected from the operable orifice to print at locations 
that would otherwise be printed by the inoperable orifice. 
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[0020] Another advantage of the present invention is 
that use thereof reduces print head manufacturing 
costs. 

[0021] Yet another advantage of the present invention 
is that printing speed is variable depending on the par- 
ticular needs of the print job. 

[0022] These and other objects, features and advan- 
tages of the present invention will become apparent to 
those skilled in the art upon a reading of the following 
detailed description when taken in conjunction with the 
drawings wherein there are shown and described illus- 
trative embodiments of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] While the specification concludes with claims 
particularly pointing out and distinctly claiming the sub- 
ject matter of the present invention, it is believed the in- 
vention will be better understood from the following de- 
tailed description when taken in conjunction with the ac- 
companying drawings wherein: 

Figure 1 is a view in perspective of a drop-on-de- 
mand ink jet printer according to the present inven- 
tion, the printer having a print head, 
Figure 2 is a fragmentation view in vertical section 
of a print head body associated with the print head, 
the print head body having a plurality of ink chan- 
nels therein terminating in ink ejection orifices; 
Figure 3 is a fragmentation view taken along section 
line 3-3 of Figure 2, showing the ejection orifices 
and a heater assembly associated with each orifice, 
each heater assembly having two heater segments; 
Figure 4. is a fragmentation view in vertical section 
of the print head body and ink channels, this view 
also showing a displaceable piezoelectric transduc- 
er disposed in each channel for forming a poised 
meniscus at each orifice, selected ones of the pie- 
zoelectric transducers being deflected or displaced 
by a distance Dj; 

Figure 5 is a graph illustrating voltage amplitude Vj 
as a function of time T for electrical signals supplied 
to the heater assemblies and the resulting deflec- 
tion distance D { ; 

Figure 6 is a fragmentation view of the heater as- 
sembly, this view also showing side regions where 
the poised meniscus is heated by the heater assem- 
bly; 

Figure 7 is a fragmentation view in vertical section 
of the print head body, this view also showing for- 
mation of a deflected and an undetected meniscus 
acted upon by both the pressurizer and the heater 
assembly, this view further showing undeflected 
meniscus when acted upon only by the pressurizer; 
Figure 8 is a fragmentation view in vertical section 
of the print head body, this view also showing for- 
mation of a deflected and an undeflected ink drop; 
Figure 9 is a graph illustrating ink drop, velocity as 



a function of deflection distance 
Figure 1 0 is a graph illustrating absolute value of an 
angle of deflection ±oc as a function of deflection dis- 
tance Dj as a heater segment is energized; 
5 Figure 1 1 is a fragmentation view in vertical section 
of a second embodiment of the printer, wherein a 
piston is disposed in each channel belonging to the 
print head body; 

Figure 1 2 is a fragmentation view in vertical section 
10 of a third embodiment of the printer, wherein a plate 
member is disposed in each channel belonging to 
the print head body; 

Figure 13 is a fragmentation view in vertical section 
of a fourth embodiment of the printer, wherein an 
15 eiastomeric member is disposed in each channel 
belonging to the print head body, the eiastomeric 
member being in a state of depressurization; 
Figure 14 is a fragmentation view in vertical section 
of the fourth embodiment of the printer, wherein the 
eiastomeric member is shown, in a state of pressur- 
ization; 

Figure 1 5 is a fragmentation view in vertical section 
of a fifth embodiment of the printer, wherein there 
is disposed a gutter opposite each orifice; 
Figure 1 6 is a fragmentation view in vertical section 
of a sixth embodiment of the printer, wherein each 
heater assembly has four heater segments; and 
Figure 1 7 is a fragmentation view in vertical section 
of a seventh embodiment of the printer, wherein 
there is shown, with parts removed for clarity, a plu- 
rality of the heater elements arranged so as to print 
a single ink mark equidistant therebetween. 

DETAILED DESCRIPTION OF THE INVENTION 

[0024] The present description will be directed in par- 
ticular to elements forming part of, or cooperating more 
directly with, apparatus in accordance with the present 
invention. It is to be understood that elements not spe- 
cifically shown or described may take various forms well 
known to those skilled in the art. 
[0025] Therefore, referring to Figs. 1 and 2, there is 
shown the subject matter of the present invention, which 
is a DOD (Drop-On-Demand) ink jet printer, generally 
referred to as 10. Printer 10 is capable of directionally 
controlling ejection of an ink droplet 20 (see Fig. 6) from 
a print head 30 toward a receiver 40, as described more 
fully hereinbelow. Receiver 40 may be a reflective-type 
(e.g., paper) or transmissive-type (e.g., transparency) 
receiver. 

[0026] As shown in Fig. 1 , imaging apparatus 1 0 com- 
prises an image source 50, which may be raster image 
data from a scanner or computer, or outline image data 
in the form of a PDL (Page Description Language) or 
other form of digital image representation. This image 
data is transmitted to an image processor 60 connected 
to image source 50. Image processor 60 converts the 
image data to a pixel-mapped page image. Image proc- 
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essor 60 may be a raster image processor in the case 
of PDL image data to be converted, or a pixel image 
processor in the case of raster image data to be con- 
verted, in any case, image processor 60 transmits con- 
tinuous tone data to a digital halftoning unit 70 connect- 
ed to image processor 50. Halftoning unit 70 halftones 
the continuous tone data produced by image processor 
60 and produces halftoned bitmap image data that is 
stored in an image memory 80, which may be a full-page 
memory or a band memory depending on the configu- 
ration of imaging apparatus 10. A waveform generator 
90 connected to image memory 80 reads data from im- 
age memory 80 and applies electrical stimuli to print 
head 30, for reasons disclosed hereinbelow. 
[0027] Referring again to Fig. 1 , receiver 40 is moved 
relative to print head 30 and across a supporting platen 
95 by means of a plurality of transport rollers 1 00, which 
are electronically controlled by a transport control sys- 
tem 1 1 0. Transport control system 11 0 in turn is control- 
led by a suitable controller 120. It may be appreciated 
that different mechanical configurations for receiver 
transport control may be used. For example, in the case 
of pagewidth print heads, it is convenient to move re- 
ceiver 40 past a stationary print head 30. On the other 
hand, in the case of scanning-type printing systems, it 
is more convenient to move print head 30 along one axis 
(i.e., a sub-scanning direction) and receiver 40 along an 
orthogonal axis (i.e., a main scanning direction), in rel- 
ative raster motion. 

[0028] Still referring to Fig. 1, controller 120 may be 
connected to an ink pressure regulator 130 for control- 
ling regulator 130. Regulator 130, if present, is capable 
of regulating pressure in an ink reservoir 140. Ink reser- 
voir 140 is connected, such as by means of a conduit 
1 50, to print head 30 for supplying liquid ink to print head 
30. In addition, controller 120 controls a heater control 
circuit 160 connected to print head 30 for reasons pro- 
vided hereinbelow. Moreover, heater control circuit 160 
itself is capable of accepting image data from image 
processor 60 for reasons provided hereinbelow. 
[0029] Referring to Figs. 1 ,2, and 3, print head 30 
comprises a print head body, generally referred to as 
1 70. Print head body 1 70 has a plurality of elongate and 
parallel ink channels 180 cut therein, each channel de- 
fining a channel outlet 1 85 at one end thereof. Closing- 
off the other end of channels 1 80 is a backing plate 1 87 
spanning all channels 180. Each of ink channels 180 is 
capable of accepting ink controllably supplied thereinto 
from reservoir 140, so as to define an ink body 190 in 
each channel 180. Print head body 170 also includes a 
surface 200 on which is affixed an orifice plate 210 hav- 
ing a plurality of generally circular orifices 215 formed 
therethrough and aligned with respective ones of ink 
channel outlets 185. Each of orifices 215 defines a cent- 
er axis 217 normal to orifice 215. 
[0030] Referring to Figs. 2, 3, and 4, in fluid commu- 
nication with respective ones of ink bodies 190 are a 
plurality of ink drop separators, generally referred to as 



220, for pressurizing ink bodies 190. In this regard, each 
ink drop separator 220 may be a deflectable piezoelec- 
tric transducer 230 in communication with respective 
ones of channels 1 80, the transducer 230 being adapted 

s to deflect into channel 1 80 while being electrically stim- 
ulated. In this regard, piezoelectric transducer 230 may 
be formed of a naturally occurring material, such as 
quartz and tourmaline. Alternatively, piezoelectric trans- 
ducer 230 may be formed of a man-made piezoelectric 

10 ceramic, such as lead zirconate titanate (PZT), barium 
titanate, lead titanate, or lead metanio bate. 
[0031] Referring to Figs. 1 , 2, 3, 4 and 5, previously 
mentioned waveform generator 90 supplies an electrical 
pulse 235 to piezoelectric transducer 230 in order to 

15 electrically stimulate piezoelectric transducer 230. Pie- 
zoelectric transducer 230, when electrically stimulated, 
is deflected a distance a D" with respect to backing plate 
187. In this regard, each pulse 235 has a pulse width 
"W," and a voltage amplitude "V," corresponding to de- 

20 flection distance Dj. The integer "i" uniquely identifies 
the unique pulse 235 associated with a unique pulse 
width W if voltage amplitude V, and deflection distance 
Dj. Thus, for a particular pulse width Wj and voltage am- 
plitude Vj, there is provided a unique deflection distance 

25 Dp In this manner, deflection distance Dj is variable de- 
pending on values of pulse width Wj and voltage ampli- 
tude Vj. 

[0032] Referring to Fig, 4, as piezoelectric transducer 
230 is displaced distance Dj, an outwardly extending 

30 meniscus at orifice 21 5 forms to define a poised menis- 
cus 240 located symmetrically about center axis 217. 
Normally, force exerted by piezoelectric transducer 230, 
as it moves through distance Dj, is sufficient to cause 
droplet 21 a (see Fig. 8) to separate from poised menis- 

35 cus 240 and travel along center axis 217 and strike re- 
ceiver 40 to make an ink mark (not shown) on receiver 
40. However, it has been observed that if any one of the 
orifices 215 is inoperable, such as due to clogging or 
manufacturing defect, the mark will not be printed on re- 

40 ceiver40 or printed at an undesirable location on receiv- 
er 40. Thus, it is desirable to redirect droplets from the 
operable orifice to print at the location that would other- 
wise be printed by the inoperable orifice. In addition, it 
has been observed that if each orifice 215 can print ink 

45 marks at a plurality of locations on receiver 40, then few- 
er orifices 215 and associated ink channels 180 are 
needed, thereby reducing manufacturing costs for print 
head 30. 

[0033] Therefore, referring to Figs. 2, 3, 6, 7 and 8, 
so mounted on orifice plate 21 0 and adjacentto each orifice 
215 is a deflector, generally referred to as 250, for de- 
flecting ink drop 20 away from center axis 217, so that 
ink drop 20 travels along a deflected trajectory 260a or 
260b. Trajectory 260a or 260b is oriented at a predeter- 
55 mined variable angle -a or +a, respectively, with respect 
to center axis 21 5. Deflector 250 comprises a heater as- 
sembly 265 connected to print head body 170 and 
adapted to be in heat transfer communication with 
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poised meniscus 240 for lowering surface tension of a 
side region 267a and 267b (dotted line in Fig. 6) of 
poised meniscus 240. To accomplish this result, heater 
assembly 265 itself preferably comprises a plurality of 
arcuate-shaped heater segments 270a and 270b sym- 
metrically arranged in a generally annular ring surround- 
ing orifice 215. Each heater segment 270a and 270b is 
connected to heater control circuit 1 60 by means of elec- 
trical contacts 275a and 275b. In this manner, heater 
control circuit 160 controllabiy and selectively supplies 
electrical current to either heater segment 270a or heat- 
er segment 270b for reasons provided hereinbelow. 
However, it should be appreciated that heater control 
circuit 1 60 is also capable of controllabiy supplying elec- 
trical current to heater segment 270a and heater seg- 
ment 270b simultaneously for reasons provided herein- 
below. 

[0034] Referring again to Figs. 2,3, 6, 7 and 8, when 
heater segment 270a is energized, surface tension of 
poised meniscus 240 will lower in side region 267a 
causing meniscus 240 to laterally deflect or lean away 
from side region 267a, so as to define a deflected me- 
niscus 280. The deflected meniscus 280 is generally 
centered about deflected trajectory 260a at angle -a 
with respect to center axis 21 7. Alternatively, when heat- 
er segment 270b is energized, surface tension of poised 
meniscus 240 will lower in side region 267 causing me- 
niscus 240 to laterally deflect or lean away from side 
region 267b, so as to define deflected meniscus 280. In 
this case, deflected meniscus 280 is generally centered 
about deflected trajectory 260b at angle +a with respect 
to center axis 21 7. It may be appreciated that the values 
of angle -a and -kx can vary depending on the amount 
of electric current supplied by heater control circuit 1 60 
to heater segments 270a/b. However, it may also be ap- 
preciated that when no current is supplied to heater seg- 
ments 270a/b , a droplet 21 a will travel along center axis 
21 7 (see Fig. 8). Also, when the same amount of current 
is simultaneously supplied to both heater segments 
270a/b, a droplet 21b will travel along center axis 217 
(see Fig. 8). In addition, force exerted on ink body 190 
by piezoelectric transducer 230 is chosen such that the 
force causes droplets 20 and 21 a/b to separate from de- 
flected meniscus 280 or from undeflected poised me- 
niscus 240, respectively. 

[0035] Referring to Figs. 9 and 1 0, there is illustrated, 
in graphical form, velocity of droplet 20 as a function of 
deflection distance D, and angle of deflection a as a 
function of deflection distance D,, respectively. More 
specifically, Fig. 9 shows that velocity of droplet 20 as a 
function of deflection distance Di assumes an "S M 
shaped curve. Fig. 1 0 shows that absolute value of an- 
gle of deflection a as a function of deflection distance 
D„ with heater segment 270a or 270b energized, varies 
linearly. 

[0036] Turning now to Fig. 11 , there is shown a sec- 
ond embodiment of the present invention, wherein pie- 
zoelectric transducer 230 is replaced with a piston 290 



for pressurizing ink body 190. Piston 290 is slidable in 
ink channel 1 80 and may include an annular seal 295 
surrounding a perimeter of piston 290. Seal 295 is ca- 
pable of sealingly engaging the walls of Inkchanne! 1 80, 

s so that no ink leaks around the perimeter of piston 290 
to otherwise compromise maintenance of pressure on 
ink body 190. Piston 290 also includes a piston rod 297 
connected thereto and movable by means of a suitable 
motor (not shown) for sliding piston 290 in ink channel 

w 180. 

[0037] Referring to Fig. 1 2, there is shown a third em- 
bodiment of the present invention, wherein piezoelectric 
transducer 230 is replaced by a metallic plate member 
300 disposed between an upper electromagnet 310a 

15 and a lower electromagnet 31 0b to pressurize and de- 
pressurize ink body 190. Electromagnets 31 Oa/b are ca- 
pable of being alternatively energized. That is, when 
electromagnet 310a is energized, plate member 300 
moves vertically upwardly, such that ink body 1 90 is de- 

20 pressurized so that no meniscus forms. Alternatively, 
when electromagnet 310b is energized, plate member 
300 moves vertically downwardly, such that ink body 
190 is pressurized so that poised meniscus 240 forms 
and ink droplet 20 (or 21 a/b) is ejected. 

25 [0038] Referring to Figs. 13 and 14, there is shown a 
fourth embodiment of the present invention, wherein pi- 
ezoelectric transducer 230 is replaced by a flexible elas- 
tomeric membrane 320 capable of being alternately 
pressu rized for downward flexing within ink channel 1 80 

30 to pressurize ink body 190 and depressurized for up- 
ward flexing within ink channel 1 80 to depressurizing ink 
body 190. Of course, when elastomeric membrane 320 
flexes vertically upwardly, ink body 1 90 is depressurized 
so that no meniscus forms. Alternatively, when elasto- 

35 meric membrane 320 flexes vertically downwardly, ink 
body 190 is pressurized so that poised meniscus 240 
forms and ink droplet 20 (or 21 a/b) is ejected. Elasto- 
meric membrane 320 is caused to flex upwardly and 
downwardly by means of a suitable pressurizer and de- 

40 pressurizer unit, generally referred to as 325, in com- 
munication with each elastomeric membrane 320, such 
as by means of individual control valves 327. The pres- 
surizing medium may be a gas, such as air, or a liquid, 
such as water. 

45 [0039] Referring to Fig. 15, there is shown a fifth em- 
bodiment of the present invention, wherein ink droplets 
21 a/b that are not intended to produce an ink mark on 
receiver40 are instead directed into an ink recycling gut- 
ter 330 connected to ink reservoir 140, so that unused 

so ink droplets 21 a/b are returned to reservoir 140 and re- 
cycled. Ink droplets 20 intended to produce ink marks 
are deflected onto receiver 40 in the manner described 
hereinabove. 

[0040] Referring to Fig. 16, there is shown a sixth em- 
55 bodiment of the present invention, wherein deflector 250 
comprises four heater segments 270a/b/c/d mounted on 
orifice plate 21 0 and adjacent to each orifice 215 for de- 
. fleeting ink drop 20 away from center axis 21 7 along any 
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of four separate angles. Each of heater segments 270a/ 
b/c/d is adapted to be In heat transfer communication 
with poised meniscus 240 for lowering surface tension 
of any of side regions 267a/b/c/d (dotted line in Fig. 16) 
of poised meniscus 240. Each heater segment 270a/b/ 
c/d is connected to heater control circuit 160 by means 
of electrical contacts 275a/b/c/d, respectively. In this 
manner, heater control circuit 160 controilably and se- 
lectively supplies electrical current to any of heater seg- 
ments 270a/b/c/d for reasons disclosed presently. In this 
regard, use of four heater segments 270a/b/c/d allows 
deflected meniscus 280 to assume a greater number of 
possible orientations for increased accuracy of ink drop- 
let placement on receiver 40. However, it should be ap- 
preciated that heater control circuit 160 is capable of 
controilably supplying electrical current to heater seg- 
ment 27a/b/c/d simultaneously for allowing droplet 21 a/ 
b to travel along center axis 217, if desired, 
[0041] Referring to Fig. 1 7, there is shown a seventh 
embodiment of the present invention, comprising a plu- 
rality of heater assemblies 265 arranged so as to pro- 
duce a single ink mark 335 (dotted circle in Fig, 1 7) equi- 
distant therebetween. It may be understood that, be- 
cause each heater assembly 265 and each heater seg- 
ment 270a/b/c/d therein is individually controllable by 
heater control circuit 160, ink mark 335 may obtain a 
multiplicity of print tone levels for more accurate repro- 
duction of image data provided by image source 50. 
[0042] > An advantage of the present invention is that, 
if any one of the ejection orifices 21 5 is inoperable, such 
as due to clogging or manufacturing defect, ink drops 
20 are redirected from an operable orifice to print at lo- 
cations that would otherwise be printed by the inopera- 
ble orifice. This is so because the meniscus poised at 
the ink ejection orifice is deflected in a predetermined 
direction so that the ink drop travels in that direction. 
[0043] Another advantage of the present invention is 
that use thereof reduces print head manufacturing 
costs. This is so because each orifice 215 can print ink 
marks at a plurality of locations on receiver 40 thereby 
reducing the number of orifices needed. 
[0044] Yet another advantage of the present invention 
is that printing speed is variable depending on the par- 
ticular needs of the print job. This is so because velocity 
at which the ink drops strike the recording medium is 
controlled by amount of displacement of the pressurizer 
that moves in ink channel 1 80. 

[0045] The invention has been described in detail with 
particular reference to certain preferred embodiments 
thereof, but it should be understood that variations and 
modifications can be effected within the scope of the 
claims. For example, although the invention is disclosed 
with respect to use in a DOD ink jet printer, the invention 
is also usable in a "continuous" ink jet printer, as well. 
[0046] Therefore, what is provided is a drop-on-de- 
mand ink jet printer capable of directional control of ink 
drop ejection and method of assembling the printer. 
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1 . A drop-on-demand ink jet printer capable of direc- 
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tional control of ink drop ejection, comprising: 

(a) a print head body having an ink ejection or- 
ifice adapted to poise an ink meniscus thereat 
about a center axis passing through the orifice; 
and 

(b) a deflector coupled to said print head body 
and adapted to be in communication with the 
poised meniscus for lowering surface tension 
of a region of the poised meniscus, so that the 
poised meniscus deflects away from the region 
of lower surface tension and away from the 
center axis to define a deflected meniscus, 
whereby an ink drop separated from the de- 
flected meniscus travels at an angle with re- 
spect to the center axis. 

2. The printer of claim 1 , wherein said deflector com- 
prises a heater assembly. 

3. The printer of claim 2, wherein said heater assem- 
bly comprises a plurality of heater segments dis- 
posed adjacent to the orifice. 

4. The printer of any of claims 1 through 3, further com- 
prising an ink drop separator coupled to said print 
head body for forming the poised meniscus at the 
orifice and thereafter for separating the ink drop 
from the deflected meniscus. 

5. The printer of claim 4, wherein said ink drop sepa- 
rator is adapted to pressurize said print head body. 

6. The printer of any of claims 2 through 5, wherein 
said heater assembly comprises a plurality of heat- 
er segments symmetrically arranged around the or- 
ifice. 

7. The printer of any of claims 2 through 6 and further 
comprising a plurality of said orifices each having a 
respective said heater assembly and the heater as- 
semblies arranged so as to print a single ink mark 
equidistant therebetween. 

8. A method of operating a drop-on-demand ink jet 
printer capable of directional control of ink drop 
ejection, comprising the steps of: 

(a) providing a print head body having an ink 
ejection orifice adapted to poise an ink menis- 
cus thereat about a center axis passing through 
the orifice; and 

(b) enabling a deflector coupled to the print 
head body, the deflector being operable upon 
the poised meniscus for lowering surface ten- 
sion of a region of the poised meniscus, so that 
the poised meniscus deflects away from the re- 
gion of lower surface tension and away from the 



center axis to define a deflected meniscus, 
whereby an ink drop separated from the de- 
flected meniscus travels at an angle with re- 
spect to the center axis. 

5 

9. The method of claim 8, wherein the deflector com- 
prises a heater assembly that is heated when ena- 
bled. 

10 10. The method of claim 9, wherein the heater assem- 
bly comprises a plurality of heater segments adja- 
cent to the orifice. 

11. The method of any of claims 8 through 10 and 
is wherein the printer includes plural of the orifices and 
the deflector associated with one orifice is operable 
to position a deflected drop to correct for an inoper- 
able orifice. 

20 12. The method of any of claims 8 through 11 and 
wherein the orifice can print dots with deflected and 
undetected drops. 



1 . Tintenstrahldrucker zum direktionalen Steuern des 
TintenausstoBes, mit 

30 (a) einem Druckkopf, der eine 

TintenausstoBoffnung aufweist, die einen Tin- 
tenmeniskus um eine durch sie verlaufende 
Mittelachse ausbaianciert halt; und 



35 (b) einer mit dem Druckkopf verbundenen Ab- 

lenkvorrichtung, die mit dem ausbalancierten 
Meniskus in Wirkverbindung steht, um die 
Oberflachenspannung eines Bereichs des aus- 
balancierten Meniskus zu senken, so dass der 

40 ausbalancierte Meniskus vom Bereich geringe- 

rer Oberflachenspannung und von der Mittel- 
achse ablenkbar ist und einen abgelenkten Me- 
niskus bildet, wodurch sich ein vom abgelenk- 
ten Meniskus abgeloster Tintentropfen in ei- 

45 nem Winkel bezuglich der Mittelachse bewegt. 

2. Drucker nach Anspruch 1 , dadurch gekennzeich- 
net, dass die Ablenkvorrichtung eine Heizvorrich- 
tung umfasst. 

50 

3. Drucker nach Anspruch 2, dadurch gekennzeich- 
net, dass die Heizvorrichtung eine Vielzahl von 
Heizsegmenten aufweist, die der Offnung benach- 
bart angeordnet sind. 

55 

4. Drucker nach einem der Anspruche 1 bis 3, ge- 
kennzeichnet durch eine Tropfenablosevorrich- 
tung, die mit dem Druckkopf verbunden ist, um an 
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der Offnung den ausbalancierten Meniskus zu bil- 
den und den Tintentropfen anschlieBend vom ab- 
gelenkten Meniskus abzulosen. 

5. Drucker nach Anspruch 4, dadurch gekennzeich- 
net, dass dieTropfenablosevorrichtung den Druck- 
kopf unter Druck setzt. 

6. Drucker nach einem der Anspruche 2 bis 5, da- 
durch gekennzeichnet, dass die Heizvorrichtung 
eine Vielzahl von Heizsegmenten aufweist, die 
symmetrisch um die Offnung herum angeordnet 
sind. 

7. Drucker nach einem der Anspruche 2 bis 6, ge- 
kennzeichnet durch eine Vielzahl von Offnungen, 
von denen jede eine entsprechende Heizvorrich- 
tung umfasst, wobei die Heizvorrichtungen derart 
angeordnet sind, dass sie im gleichen Abstand da- 
zwischen eine einzelne Tlntenmarkierung drucken. 

8. Verfahren zum Betreiben eines Tintenstrahldruk- 
kers zum direktionalen Steuern des Tlntenaussto- 
Bes, mit den Schritten: 

(a) Bereitstellen eines Druckkopfes, der eine 
TintenausstoBoffnung aufweist, die einen Tin- 
tenmeniskus um eine durch sie verlaufende 
Mittelachse ausbalanciert halt; und 

(b) Aktivieren einer mit dem Druckkopf verbun- 
denen Ablenkvorrichtung, die mit dem ausba- 
lancierten Meniskus in Wirkverbindung steht, 
um die Oberflachenspannung eines Bereichs 
des ausbalancierten Meniskus zu senken, so 
dass der ausbalancierte Meniskus vom Bereich 
geringerer Oberflachenspannung und von der 
Mittelachse ablenkbar ist und einen abgelenk- 
ten Meniskus bildet, wodurch sich ein vom ab- 
gelenkten Meniskus abgeloster Tintentropfen 
in einem Winkel bezuglich der Mittelachse be- 
wegt. 

9. Verfahren nach Anspruch 8, dadurch gekenn- 
zeichnet, dass die Ablenkvorrichtung eine Heiz- 
vorrichtung aufweist, die bei Aktivierung erwarmbar 
ist. 

10. Verfahren nach Anspruch 9, dadurch gekenn- 
zeichnet, dass die Heizvorrichtung eine Vielzahi 
von Heizsegmenten aufweist, die der Offnung be- 
nachbart angeordnet sind. 

11. Verfahren nach einem der Anspruche 8 bis TO, da- 
durch gekennzeichnet, dass der Drucker eine 
Vielzahl von Offnungen aufweist und die einer Off- 
nung zugeordnete Ablenkvorrichtung derart be- 

- treibbar ist, dass sie einen abgelenkten Tropfen so 



positioniert, dass die Positionierung bei nicht be- 
triebsbereiter Offnung von einer betriebsbereiten 
Offnung ubernommeri wird. 

5 12. Verfahren nach einem der Anspruche 8 bis 11 , da- 
durch gekennzeichnet, dass die Offnung Punkte 
mit abgelenkten und nicht abgelenkten Tropfen 
drucken kann. 

w 

Revendications 

1. Imprimante a jet d'encre a gouttes a la demande 
pemnettant une commande de direction de Injection 

15 de gouttes d'encre, comprenant : 

(a) un corps de tete d'impression comportant 
un orifice d' ejection d'encre concu pour y equi- 
librer un menisque d'encre autour d'un axe cen- 

20 tral passant a travers I'orifice, et 

(b) un deflecteur couple audit corps de tete 
d'impression et concu pour etre en communi- 
cation avec le m6nisque equilibre en vue de di- 
mtnuer la tension superficieile d'une region du 

25 menisque equilibre, de sorte que le menisque 

equilibr6 s'ecarte de la region de tension super- 
ficieile plus faible et de I'axe central afin de de- 
finir un menisque devie, d'ou il resulte qu'une 
goutte d'encre separee du menisque devi6 se 

30 d6place selon un certain angle par rapport a 

I'axe central. 

2. Imprimante selon la revendication 1 , dans laquelle 
ledit deflecteur com p rend un ensemble de chauffa- 

35 ge. 

3. Imprimante selon la revendication 2, dans laquelle 
ledit ensemble de chauffage comprend une plurality 
de segments de chauffage disposes de facon adja- 

40 cente a I'orifice. 

4. Imprimante selon Tune quelconque des revendica- 
tions 1 a 3, comprenant en outre un separateur de 
gouttes d'encre relte audit corps de tete d'impres- 

45 sion en vue de former ie menisque equilibre a I'ori- 
fice et en vue de separer par la suite la goutte d'en- 
cre du menisque devie. 

5. Imprimante selon la revendication 4, dans laquelle 
so ledit separateur de gouttes d'encre est concu pour 

mettre sous pression ledit corps de tete d'impres- 
sion. 

6. Imprimante selon I'une quelconque des revendica- 
55 tions 2 a 5, dans laquelle.iedit ensemble de chauf- 
fage comprend une pluralite de segments de chauf- 
fage agences symetriquement autour de I'orifice. 
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7. Imprimante selon Tune quelconque des revendica- 
tions 2 a 6, et comprenant en outre une pluralite 
desdits orifices comportantchacun un dit ensemble 
de chauffage respectif et les ensembles de chauf- 
fage etant agences de facon a imprimer une seule 5 
marque d'encre de facon equidistante entre ceux- 

ci. 

8. Proc6de de mise en oeuvre d'une imprimante a jet 
d'encre a gouttes & la demande permettant une 10 
commande de direction de Injection de goutte d'en- 
cre comprenant les etapes consistant a : 

(a) prevoir un corps de tdte d' impression com- 
portant un orifice Rejection d'encre concu pour is 
y equilibrer un menisque d'encre autour d'un 
axe central passant a travers I'orifice, et 

(b) activer un deflecteurcouple au corps de tete 
d'impression, le defiecteur pouvant agir sur le 
menisque equilibr6 en vue de diminuer la ten- 20 
sion superficielle d'une region du menisque 
equilibre, de sorte que le menisque equilibre 
s'ecarte de la region de tension superficielle 
plus faible et de I'axe central pour definir un me- 
nisque devie, d'ou il resulte qu'une goutte d'en- 25 
ere separee du menisque devie se deplace a 

un certain angle par rapport a I'axe central. 

9. Procede selon la revendlcation 8, dans lequel le de- 
fiecteur comprend un ensemble de chauffage qui 30 
est chauffe lorsqu'il est active. 

10. Procede selon la revendication 9, dans lequel I'en- 
semble de chauffage comprend une pluralite de 
segments de chauffage adjacents a Torifice. 35 

1 1 . Procede selon Tune quelconque des revendications 
8 a 10, et dans lequel 1'imprimante comprend plu- 
sieurs orifices et le defiecteur associe a un orifice 
peut etre mis en oeuvre pour positionner une goutte *o 
deviee afin de corriger un orifice ne pouvant pas 
etre mis en oeuvre. 

1 2. Procede selon Tune quelconque des revendications 

8 a 11, et dans lequel I'orifice peut imprimer des *s 
points a I'aide de gouttes deviees et non deviees. 
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